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$c$ half saturation constant









$\alpha$ ( ) $k_{2}$ $d_{2}$





$r=0.5,$ $c=2.0,$ $b=7.0,$ $\sigma=0.1,$ $\eta=1.0,$ $k_{1}=0.6,$ $k_{2}=0.12$ ,
(5)









2 $dw/dt$ $dp/dt$ $dz/dt$
(3) fast-slow system m\’ixed-mode
3 fast-slow system
$\epsilon$ (3) fast-slow system
$\{\begin{array}{l}\frac{dp}{dt}=r(1-\frac{p}{K})p-f(p)z\frac{dz}{dl}=k_{1}\mu(p)f(p)z+\alpha w-d_{1}z\frac{dw}{dl}=\epsilon(k_{2}(1-\mu(p))f(p)z-\alpha w-d_{2}w)\end{array}$ (6)






( $\blacksquare$ ) Hopf
mixed-mode
mixed-mode (6) critical manifold
(6) $\epsilon=0$
$\{\begin{array}{l}\frac{dp}{dt} =r(1-\frac{p}{K})p-f(p)z\frac{dz}{dt} =k_{1}\mu(p)f(p)z+\alpha w-d_{1}z\frac{dw}{dt} =0\end{array}$ (7)
(7)
$M= \{(p, z, w)\in R^{3}|r(1-\frac{p}{K})p-f.(p)z=0, k_{1}\mu(p)f(p)z+\alpha w-d_{1}z=0\}$ (8)
(6) critical manifold $M$ $w$
$\frac{dw}{dt}=\epsilon(k_{2}(1-\mu(p))f(p)z-\alpha w-d_{2}w)|_{(p,z,w)\in M}$ (9)
1
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$K=6.0$ (6) critical manifold $M$ $p\geq 0,$ $z\geq 0,$ $w\geq 0$
$M$ $M_{1}=\{p=0, \alpha w-d_{1}z=0\}$
$M_{2}$ (7) $w$ $M_{2}$ 1
2
1 2 Hopf $M_{2}$ 3





$M_{2}$ 2 (6) 2
(9) 2 $M_{2}$
2 (slow dynamics)
$M_{1}$ 3 (fast dynamics) 3
(9) 3 $M_{1}$
3 (slow dynamics) $M_{1}$ $M_{2}$









$\Sigma$ $U$ Poincar\’e $\Pi;Uarrow\Sigma$ $U$





$R$ $\Pi(R)\subset R$ ( )
$\epsilon$ (6) $M_{2}$ 2
$R$ $\Pi(R)\subset R$
horseshoe ( )
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